The method of hemagglutination inhibition was used to investigate the antigenic diversity of lipopolysaccharide (LPS) from Neisseria meningitidis and to develop a serotyping system based on this antigen. The system uses outer membrane complex prepared by a simple extraction procedure to inhibit homologous hemagglutination reactions involving sheep erythrocytes sensitized with purified LPS and rabbit antiserum raised to whole meningococci. Antisera with specificity for eight different LPS determinants were used as typing sera to serotype a cross section of 67 meningococcal strains. Only two strains (both group A) were not typable with the eight sera, and most strains had more than one type. Comparison of LPS type and bactericidal serotype suggests that the LPS and protein serotypes are independent serological markers.
The method of hemagglutination inhibition was used to investigate the antigenic diversity of lipopolysaccharide (LPS) from Neisseria meningitidis and to develop a serotyping system based on this antigen. The system uses outer membrane complex prepared by a simple extraction procedure to inhibit homologous hemagglutination reactions involving sheep erythrocytes sensitized with purified LPS and rabbit antiserum raised to whole meningococci. Antisera with specificity for eight different LPS determinants were used as typing sera to serotype a cross section of 67 meningococcal strains. Only two strains (both group A) were not typable with the eight sera, and most strains had more than one type. Comparison of LPS type and bactericidal serotype suggests that the LPS and protein serotypes are independent serological markers.
Strains of Neisseria meningitidis are presently classified into serogroups on the basis of their capsular polysaccharide and into serotypes on the basis of bactericidal reactions (2, 5) or precipitin reactions done in capillary tubes or agar gel (3) . The serotype antigen in these systems is generally believed to be the major outer membrane protein, although this has only been directly shown for serotype 2(11) (4; F. A. Wyle and D. L. Kasper, Bacteriol. Proc., M210, p. 99, 1971 ). The lipopolysaccharide (LPS) is an important component of the outer membrane of the meningococcus (9) and has been found to be immunologically active in rabbits and humans (10) , but the antigenic diversity of this component and its involvement in meningococcal serotyping has not been systematically studied. Zollinger et al. demonstrated three antigenically different types of meningococcal LPS by indirect hemagglutination (HA) (10) , and Davis and Arnold were able to detect differences in the chemical composition and biological activity of LPS from different meningococcal strains (1) .
The present studies were undertaken to examine by serological methods the antigenic diversity of meningococcal LPS and to test the feasibility of serotyping meningococci on the basis of this antigen. Rabbit sera specific for eight different meningococcal LPS determinants were identified and used in an HA inhibition system to serotype a cross section of meningococcal strains. Rabbit antisera. Antisera against whole viable meningococci were made in 1.8-to 2.3-kg (4-to 5-pound) New Zealand white rabbits as previously described (10) .
MATERIALS AND METHODS
Purification of antigens. Outer membrane complex, outer membrane protein, LPS, and capsular polysaccharide were prepared as previously described (10). The prototype LPS antigens were also prepared by the hot phenol-water method as described by Westphal et al. (8) .
Indirect HA assays. HA assays were performed as described by Zollinger et al. (10) using sheep erythrocytes sensitized with alkaline-treated LPS at the optimal concentration (usually about 50 ug/ml). Optimal sensitization of the sheep erythrocytes was important in obtaining reproducible titers with the typing sera and consistent results in the serotyping.
HA inhibition. The rabbit antisera were diluted to contain 4 units of anti-LPS antibody per ml (1 unit of antibody per ml is the lowest concentration of antibody that produces maximal agglutination). (2), as well as several additional laboratory strains, were screened by indirect HA for titer and specificity of anti-LPS antibodies. Antisera having an HA titer 51:64 and having at least a three-tube (eightfold) higher titer against the homologous LPS than against LPS from most heterologous strains were further tested as possible typing sera. The spectrum of specificity observed is illustrated in Table 1 . Four rabbit antisera were tested against the homologous LPS as well as LPS from a series of heterologous strains. Antisera against strains M992 and M981 were very specific, exhibiting little HA activity with most heterologous LPS antigens, whereas anti-M136 was very cross-reactive. Although anti-M978 had marginal specificity, it was found to be useful as a typing serum. During the course of these studies, antisera from rabbits immunized with the same strain were compared for titer and specificity. Since differences in both the titer and degree of specificity were observed, several antisera were usually made and screened for the best titer and specificity.
Based on this kind of HA data and further testing in grid HA inhibition experiments, eight rabbit antisera with distinctly different specificities toward meningococcal LPS were chosen as prototype antisera. The results of a grid inhibition experiment with the eight typing sera are given in Table 2 . The reaction of each antiserum, at the appropriate dilution, with the homologous LPS was tested with the homologous antigen and the seven heterologous antigens. The eight homologous reactions define the LPS serotypes, which are numbered in the order they were discovered. Four of the a Expressed as log2 of the reciprocal of the highest dilution producing agglutination. antigens only inhibited the homologous serum, three inhibited two sera, and one inhibited four of the sera. In addition to these eight specific serotypes, the presence of relatively common determinants could also be demonstrated by inhibition of heterologous reactions involving sera with low specificity. One such reaction (anti-M136 versus B16B6 LPS) was inhibited by six of the eight prototype antigens and by about 70% of all strains tested.
To rule out any inhibition by contaminating protein or capsular polysaccharide antigens, each of the eight prototype reactions was tested with the homologous capsular polysaccharide, outer membrane protein, and LPS as inhibitors. The polysaccharide could not inhibit at 1,000 ,ug/ml. The homologous protein showed slight inhibition at concentrations between 100 and 1,000 ,ug/ml, which is consistent with a 1 to 2% contamination of protein by LPS. The homologous LPS inhibited at 1 to 3 ,ug/ml.
For routine serotyping OMC prepared from the strains to be tested was used as the inhibitor. Results obtained with OMC were identical to those obtained with purified LPS, thus eliminating the need to prepare LPS from each strain to be serotyped.
Serotyping. The Table  4 . Most of the strains were typable, suggesting the presence of these eight LPS serotype determinants on LPS of strains from all major serogroups. The existence of nontypable group A strains, however, indicates that additional typing sera may be required to efficiently type group A strains.
The usefulness of LPS serotyping in epidemiological studies has yet to be explored, but the data in Table 5 give some indication of its potential utility. A series of 25 group B strains 3 and 7. These data suggest that the LPS serotyping system has the capability of distinguishing among group B strains in a meaningful way.
The relative frequency of occurrence of the eight LPS serotypes among the 67 meningococcal strains typed is given in Table 6 . The most frequently occurring types were 3 (51%) and 7 (45%), which often occurred together and may be closely related. Types 2 and 4 were present on 32 and 26% of the strains, respectively, whereas types 1, 5, 6, and 8 were only present on 9 to 12% of the strains.
Involvement of LPS in bactericidal serotyp- ing. The possible involvement of antibodies to LPS in some bactericidal serotyping reactions was suggested by the experiment summarized in Table 7 . Antiserum to strain 126E (group C; bactericidal type III; LPS type 1, 8) was found to have bactericidal activity toward the homologous strain as well as strain 6557 (group B; bactericidal type XI, III; LPS type 1, 8). After absorption with 126E LPS-coated erythrocytes, the serum retained its capacity to kill the homologous strain but no longer killed strain 6557. This suggested that the bactericidal activity toward strain 6557 was due to anti-LPS antibodies rather than antibodies to the serotype protein.
DISCUSSION
Using the HA inhibition system, we have thus far identified eight different serological determinants on meningococcal LPS. Although these determinants appear to be shared to some degree by all eight serogroups tested, and at least one was found on 65 of 67 strains typed, additional LPS serotype determinants undoubtedly exist. It is not yet clear whether these LPS determinants are located in the core region of the LPS or on 0 side chains, since the rough or smooth nature of these meningococcal strains has not been determined.
In general, the LPS serotype determinants appear to be independent of the bactericidal (protein) serotype determinants, but the exact relationship between the protein and LPS serotypes is currently under investigation. Al 
